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Abstract W e review themonijorng and study of reservo it induced seigm icity (RIS) i the half Pastcentury and ana

Vze hhemajor prohlems nR IS study W e sugg€est hat itwill be the key work in the fuure © furher accumulate data

detemine themapr i fluence factors on RIS
0d§ and develp effective Predicton technjques of RIS
K enyord:s
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0 Introduction

The hunan race hegan o construct the resevoirs

w ith he dan he’g}i; 100 m i the earlypg © centw
ry Accordng o statstcs in1973 there were ahout
326 reservoirs with the dam heighi} 100 m M the
Wor]d 265 fmnished and g1 constuctng In 2003,
there w ere ahoutgyg resewoirswith the dam heigm}
100 m n he WOI‘H ncpuding 155 huge reseroirs
with the dan heRht= 150 m (Ma9 2007).

The reswoir pduced sesmicity (RIS) began
10 attract the researchers’ ateentpn spce the Mg 7
earthquake at M arathon Resewoir n Greece in 1938
and the My ¢ earhduake at[.ake Mead in USA n
1939 (Dng 1989 GuP@ 1992 ), The dam
height and capacity of M amthon Resewojr are g7 m
and(, g7 10° ™, and those of LLakeM ead arepp
m and375x 1¢° 1,

According 1o GuPta et al (1972),
the first tine Proposed by Carer in 1945
Mead Since hen
citd by many researchers

BY the early1970 s
were repored (GuP@ 1992),

Up 1986 the statistics of 33 77( resewoijrs

RISwas for
for Lake

anunher of RIS cases have heen

only overa dozenR IS cases

* Receved datg 2008— 05—21

Document codg A

studY RIS m echanisn by means of opsewationa] and experinentalm eth

reservoir nduced seismicity facor of inducing earthquakg mechaniam; predicton

Article I 1000— 0666 (2008) 04—0399— 07
fram 29 countries ncuding Chmna gavejlg Teservoirs
which hduced earhdudke (Li 1999),

UP © the mnitalp] th cenury more than j4(
RS cases had been detem med n the world (Yap
2006 ) ncluding 4 cases ofl\@ 6 36 cases of
M4 5—59 43 casesofM3 0—4 4 ands5| cases
ofMk= 3. (0 TheseRIS cases are distributed i more
thang( countries and more hanq( Of them occurred
n Chnha And RIS Phenamenon has occurred mn
Thre&GorgeReservojr Hube’i Ch ha since {tsw ater
leve] reached 135 m (Yap 2006).

The Mg, 1 ecarthquake that occurred at Xin
fengjiang Resevo ir of Guangdong on 19 March 1962
is considered as the {ist RIS case of V> ¢ in the
world (D g 1989). Durigs Yearm after the Xin
fengjang reservoir earhquake three oher eart
quak es oﬂ\/[> 6 occurred in Karjha Resewoir n Zan.
biaZ imbahwee Border area Kranasta Reservoir n
and KoYna Reservoir in India These earty
quakes caused serious damage and econan ic losses
Therefore since he midgg th century aftery RIS ca
ses oﬂ\/{} 6 much more attenton has peen pag to
the RIS sudy

BY the efforts of the researchers n pts of coun

Greece

tries durng the past half cen ury same development
Oof RIS sudy has beenmade

Foundatijon itemE Yunnan Provincia] Science and Techn due Progran Foundation « StudyY on Monjormng and Prediction of
RIS inComplex Teconic Area (20065G01).
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1 RISMonjtormg and Study during
the PastHalfCentury

1.1 RIS Monjtorng

The earjiestmonjtoring of RIS began in the [ ake
Mead arca inig93g Since hel950§
have carried out RIS monjtoring t0 detem jne the ki
and also
0 study the reptionshiP among earthquak,e
filling and 8eology Besides the earthduake monijto
rng the earthquake stress dropping surwey and
hY dro_Pressure hreak ing stress survey were carried out
atMontce]lo Resewoir of USA during 1978 — 1980
by Fletcher et a] (1983 ) and Rajendran et a]
(1992). Based on the rlatbnshiP bew een seisn ic
spatjal empora] distripution and hYdro-chenm ica] cam.
positiop Tawaini eta] prediced wo earthquakes of
M2—4 (HY 1983).

The Chinese RISmonjorng hegan after he X in
fengjiang  Guangdong Mg | carhduake Which
occurred at the vicmity of the X infengjiang R esewoir
dan on1g March19gp Afer the occurrence of the
X nfengjiang earhquake
up n the X infeng jiang Reservoir areg  Whichwas re
newed n he early 1980 s and still woks ©day The
Chmese HYd o construction Design (Code regu hted
that e RIS study and earthquake mon;jtoring shou H
be carred out m he hi€h dan constuction area in
whicth tere are 8reat Propahi[ity of reservoir nduced

earthquake,s

Sam e countries

nematics and dynam ics parmmeters of RIS

water

the station newo ik was set

canplex geologica] condition and actjve
faults

In he pastyy Years the RISmonorng in Chi
na had experiencedq DPeriods of development as {ol
low s

The 1 st Period
RIS monjtoring was carrjed out atN anshu i Reserwojr
of Guangdong8 mn the 1960 8 Dahua Reswor of
Guangxiin the 1g9g0 s Yantan Resewoir of Guangxi
and Tongjiezi Reservoir o f Sichuan i the 199( $

Thep nd Period
ranote montoring mod(gl

it was a manua] actng period

it was a period of non_specia]
and telesegm ic echnue
was nuoduced © RIS mon;jtoring {rom natura] earty
quake opservation n €197 s andjgg( s at] ongyan

gxja Reserwoir o fQingha,i Danjangkou Reservoir of
Hube,i M aw an R eserwoir onunnal,l Shuikou R es
ervoir ofFujialg et

The 3 rd Perio(;_{
telesejsn € Opservation neworg [or exampLe n
Seisn cMonjorng N ew ok Study Progran o {E ran
the bmwadband ranot equip
mentwas developed and5— g statons were designed
in he sysem and the technidues were applied t© the
monitorng at(seyanhe Reservoir of Hube, 1 [ongyan
gxja Resewo ir oningha,i etc

The 4 th Period
opservation and digita] teleseign © opservation The
rehted techniqueswere apPlied © ThreeGo®ges Huw
b¢i ResewoirInduced Seisniciy Moniorng SYys
tm  Which was canposed o f seismo pgy deforma

it was a period of Pecia]

Sichuan  Reservo i

1t 18 a perjod of comprehensive

ton and undergmound fluid monjorng technijues
This observatpn mode] has also heen applied to the
XinUOdl’,l X 1ang jiab,a and Bajhetn reservoirs
L2 RISSwudy

W ith the development of RIS monjtorpg

of basg studies are a]so carried out These sudies mn

a lot
clude specja] studies for sane reservoi)r the nvesty
gations of RIS cases and he study for characteristes
and 8eness Of RIS et

(1) RIS case reports and sPecia] studies for
sam e reservoirs

UP 0 now there have heen papers specally stud
Ying some mservoit§ such as Bhata Dap  (Qsnan
SagarReservoj’r BhakmDan and KoynaDanm n Jn
dia  Take Mead Clark Hill
Resewvoyr Jake Keowee [.ake Jocassee and M an
ce|p Reserwoir inU% Lake Karjpa in ZambpiaZ in-
babwg: Lake Kmmasta and [ ake Marathon in
Greecg Lake Bemore n New Zealand Camo do
Cajuru Reservoir ( Poro Copmba dam and Vola
Grande Dam) and M arinpondo Resewo ir in Brazi’l
Toktogu] Reservoir in Tadzh{kistal.;l Aswan Dan n
E8YPt andpg resewoirs in China ( the X infengjiang
and N anshui reservo irs of Guangdong the Dahua and
Yantan reservoirs oquangx’i
Lieoning  the Danjiangkou
ges Panjiakog

the Shiduan reservoir of ShanXi

(Owovie Reservoi)r

the Carw 0 reservoir of
Qinjin  ThreeGor
and Geyanhe resewoigrs of Hubqi
the M arwan and
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D achaoshan reservoirs of Yunnan the Shuikou reser
and Ertan

the Zheln reserwoir of Jjan

voir of Fujiap the Tongjezi Dadiap
resewoirs of Sichuap
gxi ﬂquongjiang and Huangshi reservoirs ofHuw
nan  theW ujiangdy  Yinzidu and Dong feng reser
the W uxijiang and Shanxi reser
voirs of Zhejang  the Kezier reservoir of X injang

the [Longyangxija reservoir of Qnghai the J@angkou
resevoir o f Chongqing),

Gener|ly there aremore sudymatrials for the

voirs o f(Gu zhou

reservoirs with lai8e scale or where the earthquake
(M= 4.0) has occurred  They are X infengjiang
Reservoir D an jangkou Reservoj’r Shuikou Reser
VOir Sanxja Resewojr 1. ake M ead Lake K ariba
Koyna Day (wov ille Reservojr 1.ake Jocassee
M antice|p Reservojr Nureck Resewojr efc

These papers stud £d the characteristics of post
mpoundnent seisn city and its reptionshiP t0 water
leve]l The dewiled geologica] data of reservoirs are
few canpamatyvely

(2) Synthetic studies on RIS genesis and mech
anisn

Besides he studies on a special reservojr san e
synthetic studies on the characteristics of RS genes;s
and mechanjsn have also peen publihe] The repre
sentations are as folpws

Resewoir Induced Earthquakes n Chingl
publshed bY STATE SERMOLOGICAL BUREAU
OF CHINA 1983
pﬂed and the artcles studied § Chinese reservoir§
including X infengjiang Reservojr Danjangkou Res
ervoj’r 7 helin Reservoir Qianjin Reservoj;r Nan
shui Resevojr W ujiang€du Resewvojr W uxijiang
and Huangshi Reservoir The g8eo pgica]
st e diViSiOl;l geness and mechanisn Of

itwas

nwhichpo artic ks were can_

Resewvojr
Condition’s
the RIS caseswere ajso analyzed n the hook

Reserwvoir nduced Earﬂlquake:s
by D in€ Yuanzhang€ n19gq mWhichg4] RIS cases
W ere intIOduced incpd'ng7 cases in Chin;l 13 0
Asg 10 mEumpe 4 mAfrica 7 nNorh Ameri
ca 4 nAustala
sing after impounding

Reserwoir Induced Earthquake:s
bYH K GuPa and Pub lished in1992

it was wrjtten

and3 cases Oof s19n €ty decrea

twas authored

in Wwhich 41

RIS cases were introduced and RIS characteristes
and mechanjgn were also discusse]

APart fran apove books
articles (Hubbertet a] 1959 Rohe 196§ Gupba
et al 1972 Kisslnger 197 Smpson et a]
1976 Stuart A lexander et a’l 1976 Castle et a’l
19804 DBaecher et a] 1982 GuPw@ et a4l 1984
Chen et a,l 1988 Roeloff’s 1988 A ssumpcao et
a’l 2002) On RIS have a]so been Published

some comprehensive

72 Proplans n RIS Study

A lthough much pProgress has heen achgeved in

RIS study and pws of knowledg€e on RIS has a[so
been obtained same mporant Pob kms sti]] exist n
RIS study

2.1 RIS stuudy has been n the mita] Perpd lin it
ed bY data accunulatpn

1980, Allen pointed out thatwe knew few a
bout the mechanics whY RIS occurs and can not he
sure wh ch resewoirs earthquake may occur (Hu
1981).

n 1983
bublication of the US Natpna] Academy of Sciences
stated that there was a
question of whether a reservoir may induce earty
quak es
Proof that this can occur

a sectpn on pnduced seimcity i a

concemed the dan safef;’

To date there is no unjversally accepted
but it is a possihility hat
consideration should be given ( GuP®@ 1992),

Hu (1983 ) Pomted out « afhough the RIS
sudy has 8ot sane progresses recently it © sti]l n
the period of daw accunulation More work should
be carried out m the monjtorng and study of REB
especially the accumulatpn of apundant and accurate
dat,a which is very mportant © the development of
RS researc »

Gupta (1992) stated « the Phenanenon of RS
18 not Yet fully understood The {freduent]y asked
questions are how to assess the potentiality of reser
voir induced earthquakes at a g{yven reservoir si‘ge
and w hat the magnijtude of the Jar8est mduced earth
quake would be During the Past hre decades
sam e know ledg8e on RIS had been gained but there
sti]] are Jotsmore on RIS need 10 he studied »
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Y 1(2003) stated that after same damage reser
voir earthquakes occurred in theq 960 8
induced earthquakes pegan to he studied n the world
The studies during H, 8 Period w eremanly centered i
geology seisnology Physicalmechanigm and tech
niques for the risk evaluation and Predictpn of RIS
But shce the Jate 19g0s RIS study has nearly
stopped and few articles have heen published

Chen (2004) oncluded that he RIS was a
canplex Problay which belonged t© a new jtan of
earthquake study UP t0 now RIS swudy is sti]] Pre.
lmmary m the wo rld and He reservoir induced
earthquake can not he Predicted accuratey Yet oday

the reservoir

2.2 Knowledge of induced factors of reservojr
earthquake and their relationshiP i not consistent

Sun (199¢) stated that heRISwas the resultof
many facors She fave he s@tistic anapsis 10 9o
stats ofg factor’s which incjuded water dept;l ca_

paciQ’ stress reging fault actvity petrolog8Y and
historica] sejsm icity
Li(1999) sated hatwater fi]]ing€ could noton

Y induce earth@]uake’s but also decreased segm icily
in cerajn geo pgcal cond itions SO it § necessary o
it is difficult o
mnvestate he detaiked 8eo pLica]l enviiorment of a

study these Phenomena However
reservojr SO it should be carefu] © analyze the gea
logica]l conditions around a resewoir jn order 10 search
the characteriste 8eopgY of RIS

A lthough ithas been genera]ly accePted that RIS
s rehted w ith the geologica] structure of reservoir§
Yi(2003) oncluded that he numerous sudies on
geojogical env roments Of RIS were sunmarijzed in a
larBe reg€pnal scaLe and mamnly i regponal faultdy-
rock Petro]ogy tectonic stress regime and

se i icifg but same hasic questions were stj]] re

nam igs

more atten ton

shouH be Paid 0 the synthetic studies on the charac

mained unanswereq Thetefoge

ters Oof reservojr constructon angd geological strucures
and envijmoments jn order © find majpr facors of in
ducing earthquakes fran the resewvojr constructon
character’s strata featur,e geologica]l stuctures and
tectonjcs undergound watr and stress conditpns
23 RIS mechanisn ;S sti]l in ar8ument

Because there was no consjstent khow ledg€e on

the occurrence and development ofRE during the
Past half cenwuty the genesis and mechanisn 0fRIS
had been n argument

Yu (1984) stated that different sugg€estions on
RS geness were concluded based on regijonal £eolog
'pa]background hYdmo_geoJogica] condition of reser
vojr water load and earthquake activity  etc

Li(1984) ooncluded hat he different develop
ment endencyY of RS should be evaluated by different
ideas of RIS genesjs The occurrence and develop
ment of RIS should be dePendent {irstly on geological
second [y
on water load Pressure and pore pressure and Other

conditions and strajn energy accunu]atiop

factors ncluding earth ©@ton

According 10 Yi (2003 )
opinions on RIS mechanigm The interactons he

tere were different

w een reserwoir and geologica] envyomm ents should he
very canplex The water 1oad pore p ressure sof
enng and upricatng of fault Plane under the action
of undemr ound w ater should mfluence the occurrence
Oof RIS butwhich one should be he key ok ©RIS
is stillnot answered up 10 now
2 4 There are not effective RIS Predictpn tech
nigues up t© now

AfterRIS Poblem appeare] e RIS Pred ction
became a questjon needed 10 be solved UP © now
a |ot of efforts have heenmade i the search of long_
period Prediction technjque

Tawani (1997 ) Pomnted out that despite the
progress attapned n exp hinng the mechansn ofRE
itwas not possjhle © Predict the occurrence of
duced sejgm ity of a future reservojr because of the
pPractical diffculties n accurate]y mapp ng geological
oonditions heneath the reservoir And key Parameters
such as i sjtu stresses Pemeah ity of the rock mas
ses and gean ety of fracture systam coul not he ac
curatey detem neq

According © Yi (2003 )
on RIS Pred ction were as follows

Inj979 Hu Yuliang suggested he possp ility of
evaluatng RIS Pohahility bY means of the sudy on
ock Petrojogy and it Pemeatng conditon and geo
pgica] stability

In1979 andq 982 Packer and Baecher sugges

the mamn researches
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ted he Pobabili¥y method of RIS Prediction which
used the data of waer depth capac ity
fau it activif;’ peto]ogY n the resewvo i area

Injog4 HuYu liang stated that the geo pgical
backg8mund and tectonic conditions Of RIS were sin i
lar t©© those of nature earthquake,s therefore  the
study idea andmeﬁqod and pPredictpn experjence of
nature earthquakes could he used t0 the Predicton of
R In additon he suggested that resevoir acton
and hydmogeologY should be consdered n RIS Predic
tion

Inj9gq Chang Baodj advanced the fuzzy 1dge
theory of RIS

In1995 HuangRundju and XuQ ang advanced
the neura] nework mode] of RIS Prediction

In1995 W ang Yongxi pbut foward hemult
factor prediction method of RIS based on rock stuc.
ture and vertica] hydro geo pbgral beltdivision

Inpppp Xia Qifa put foward the prog€ran and
method Of RIS risk evajuation hased on engmneering
geo]og}” whrh 1s the synthetic study of reg€ pna] en

stresses re.

gine

gneerng geopgy  econics hydrogeology  and
seigno pgy
Inp00, Zhang Qiwen summarized the RIS

pred ction m ethods nto wo kind:s certam predicton
and uncertajn predictior_l

Based on the studies ahove mentioned Y1
(2003) sated hatRIS study was stl] in the Perjod
of data accunulaton and cases camparison and there
sti]]w ere not 800d theoy and method 1O Predict RIS
rigg
2.5 Same basg rejationshiPsneed 0 be studied

A though Jots of know kd8e on genesis and
mechanjgn Of RIS has been obtaing] they are differ
ent n he relatonshiP anong RIS activity water
dePth ( or dam hei8ht), capaciy
fau]t activity Peto]o8Y and historic seisn icif/

(1) W ih regard © the refatonsh P heween RIS
there are o opposie o

stress regin e

activity and resewoir ScaLe
pinjons  Same researchers consjdered hat there was a
Positive relatpn peween RIS activ ity and capacity or
dam heght (HY 1983 L, 1999), butothers al
so suggestd the opposite cases (Li 1984 ) they
considered that there was not significant relatonsh P

beween RIS activity and capacity or dan hei€ht
(Cha 2004).

(2) W ith rgard © the eRtionshiP beween RS
activ ity and water Jeve] varjation [i (1999 ) and
Yu (1984) considered that the relatjonshiP was can-
Plcatd Dmng (1989) Chen (2004), and Yang
eta] (p003) suggested that Post impoundment sejs
m ity picreased durng water leve] uprising and the
maxinun f{requency and magnitude of earthquakes
occurred at peak water leve] m same RIS cases 1.1
(1984 ) ooncluded that the refatpnship beween RIS
activ ity and water Jeve] varation was more canplex
afer injtja] mpoundmnent ormaijn shock of RIS

(3) The rlationshiP beween RIS activity and
natura] sejgm ity background s stil| not clearnow It
s 8enera |y accepted that the reservoir mduced earth
quake usually occurred at the reservoirs WhiCch were
constructed n he Jow_segn ¢y area (Ding 1989
Chen 2004).
no ophvious pPositive relatpnshiP peween RIS actvity
and regional naum] seigm icity (W ang 2002 Mar
celo 2002) ad the Pobability of RIS occurrence
did notdepend on the re€ pna] hasic segn ¢ ntensity
n the reservoir area (Hy 1983 ).

(4) W ith egard © the rhtionshiP heween RIS
activ ity and peto pgy  there are e following opin
DH:S

The RS s rlated with metanorPhic 1mcks
(SuartAlexander 1979),

Mostof the RIS cases occurred mn the carhonate
ock area (Xig 1984 DPg 1989 Y,i 2003).

The RIS Probability in magnetic 1ock area is hig
ger han that in metamoPhic rock area (L’i 1999).

Only a few RIS cases occurred in the volcan €
1ock area (Wang 2002). But of the19 RS cases
inBrazil the strata exposed in he areas of |1 RIS

cases are hasalt and gxanite 6 cases occurred in the

It was also concluded that there was

arca of metanomphic rock andp n the area of sedi
ment 1ock (Marcelo 2002).

Ttw as aso suggested HatR IS usual]ly occurred in
the area m which mck was fractured or karst was
developed where the water pemeation of fe rocks
should be stong ( Li 1984),

(5) W ith regard 0 the reptionshiP beween RIS
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actjvity and tectonic envirormen’t
accepted thatR IS was related with the geologica] en
virommen s of resevoir (GuP® 1972 Li 1999),

and the exjstence of pPre ex sted faultswas very impor.

it was genemra|ly

tant t0 the occurrence of reservoir mduced earthquake

(Rothe 1973 YU 1984 Y.i 2003).

Hu (1984) Li(1984) YU (1984) Dng
(1989) Li(1999) andW ang (2002) susgested
that RIS was rlated with neo_tectonics especially

w ith the active faults mcuding the Holocene active
faults But StartAlexander ( 1979 ) and Xia
(1984) also concluded that he existence and activity
of faults were not mportant © he occurrence of res
ewoir induced earthquake

RS was repted with the exstence of large fault
n a reservoir area (Wang 2002 Li 1999 ). But
the RS was apo related with sma]]l fault ( Dng
1989 Keith etal 1982),

Itwas 8enera]ly accepted that RIS usually oc
curred n the €nNsion stress envijonm ent
one suggested hatR IS was related w ith shearng€ zone
( Baecher 1982) and saneone concluded that RIS
also occurred n canpressing areas (L’i 1984 Yu
1984).

(6) W ih regard 10 the relationsh P beween RIS
activity and fau]t property

that reservoir jnduced earthquake more easjly occurred

But sane

itwas genera]ly accepted

along noma] fault than along reverse fault or strike
slip fault ( Y,i 2003 ). Li (1999)  Smpson
(1976} adW g (2002) also concluded that res
ewoir induced eartquake should easjy occur along
nomal fault and strke s|P fau]t While Yu (1984)
suggested that resewoir nduced earthquake shou he
easy 10 occur on tenspon fault and shearng tension

Castle (1980) and An8lin (1985) Pontd out that
the earthquakes at same reservoirs such asMontice|p
Resevoyr Mani@ Reswojr (R and [(G3 reser
VOiI"S occurred ajong the reverse fault or jn reverse
fau]ting envjrom ent Tsengwen Tawan Ching

Tresewvo{rw as constructed on a reverse fault 1ts post
mpoundgment sem ity decreased Baecher et a]
(1982) suggested hat the shearng stress re€ie was
more pone t0 the occurrence Of reservoir mduced

earthquake than tensjon stress and compressng re.

gines
3 (Conclusons

The RIS question was put fow ard hecause of the
earthquake ofMy 7 atMarathon Reservoir of (Greece
in1938 and the earthquake ofMy ¢ atl.akeM ead of
USA njg3q and was stressed by 4 earthquakes of
M>g ¢ afer that In he Past half century
RIS monjtorng and study had been carried out and
much Progress had been achieved How ever
ofwo1k needs 10 he dJone m the futurg ncudng the
accumuftion of RIS case daga the studies of facors

lots of

a ot

of mducing reservoir earthguak;a
ofmapr factors  the mechanim study of RIS based

the detem mnatjon

on ohpservation and experin ent and the development
of effective RIS Predictpn tchnidues
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